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MODEL WITH AN ASPECT-RATIO-2.52 WING HAVING AN UNSWEPT
T2~-PERCENT-CHORD LINE AND A HIGH HORIZONTAI. TATL

By William C. Sleeman, Jr., and James W. Wiggins
SUMMARY

Rolling stability derivatives are presented for a complete model
having a low-aspect-ratio wing and teil surfaces for a Mach number range
of 0.70 to 0.94% and for an sngle-of-attack range from O° to 13° for the
lower Mach numbers. The model had & wing of aspect ratio 2.52, a taper
ratic of 0.385, and 19. 1° sweep of the quarter chord. The wing airfoil
vas & modified bilconvex section of 3.h-percent-chord thickness having
an elliptical nose profile.

The model test results indicated regions of neutral or unstsble
damping in roll at Mach numbers of 0.85 and 0.90 in the higher angle-of-
attack range for the basic model. Addition of wing-tip tanks approxi-
mately doubled the demping in roll at low engles of attack and, although
large decresses in damping occurred in going to high angles of ettack,
positive damping wes indicated over the range of test conditions for the
complete model with tanks. At O° angle of attack, a2ddition of wing-tip
tanks increased the aileron effectiveness of the basic model; however,
the rolling angular velocity which could be obtained with a given alleron
deflection was decreased zbout 30 percent by addition of the wing tanks.
Deflection of leading-edge flaps, in general, sppeared to increase the
angle of attack at which large losses in damping in roll occurred.

In zddition to the aforementioned damping results, the other rolling
derivatives (yawing moment and lateral force due to rolling) were obtained.
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INTRODUCTION

A series of tests were made in the Tangley high-speed T- by 10-foot
tunnel to determine the rolling stebllity derivatives of a complete model
having a low-aspecti-rstio wing and tall. The model had a wing of aspect
ratio 2.52, & taper ratio of 0.385, and zero sweep of the 72-percent-
chord line (19.1° sweepback of the quarter-chord line). The wing eirfoil
was a modlfied biconvex section of 3.k-percent-chord thickness having an
elliptical nose profile.

Results are presented for the basic configuretion over a Mach num-
ber range from 0.70 to 0.94 and for a maximum angle-of-attack range of
approximately 0° to 13°. A number of breakdown tests were made to deter-
mine the contribution of the tall surfaces to the rolling derivatives of
the model with and without the wing. Tests also were made to obtain the
effects of wing-tip tanks with ailerons undeflected and deflected. A few
tests were made with 92.5-percent-span leading-edge flaps deflected.

Analysis and discusslon of the test results have been made brief in
order to expedite publication of these deta.

COEFFICIENTS AND SYMBOLS

The results of this investigation are presented as standard NACA
coefficients of forces and moments referred to the stabillity system of
axes shown in figure 1. Moment coefficients are given wlth respect to
the center-of-gravity location shown in figure 2 (25-percent mean aero-
dynamic chord on the fuselage center line).

Rolling moment
aSb

Cy rolling-moment coefficient,

Yawing moment

Cp yawing-moment coefficient, oy
Cy lateral-force coefficient, Lateraé foree
Q
1.2
q dynsmic pressure, oV, 1b/sq £t
fol air density, slugs/cu 't
v free-stream velocity, ft/sec
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M free-stream Mach number
S wing area, sq ft
b wing spen, ft
Qy nominal uncorrected geometric angle of attack of fuselage
center line, deg
o corrected angle of attack of fuselage center line, deg
SaT total (or combined) deflection of left and right ailerons,
deg
By leading-edge flap deflection, deg
P rolling angular velocity, radians/sec
pb/av wing-tip helix angle, radians
. %
Z I e——
B agb
2V
B Cny = 931-1
P yp0
av
3Cy
CYP = ——.b-
v
016 eileron effectiveness per degree total aileron deflection
an
(pb/2‘V)8 rolling effectiveness of ailerons per degree totel aileron
ag deflection
CONFIGURATION DESIGNATION
W wing
W wing with tip tanks
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F fuselage
Vv verticael +all
H horizontal tail

MODEL AND APPARATUS

A sketch of the model with pertinent geometric characteristics is
given in figure 2, and photographs of the model mounted on the forced-
roll sting at O° and 10° angle of ettack ere given in figure 3. The
model was constructed of steel.

The wing which had 10° of negative dihedrel and the tail surfaces
could be removed from the fuselage for break-down tests. For these tests,
the comporent parts were replaced by smooth fairing blocks which continued
the fuselage contour. The air inlets were faired over as shown in fig-
ures 2 and 3 and therefore there was no sair flow through the model for
the rolling tests.

The model was tested in steedy roll on the forced-roll sting support
shown schematically in figure 4. For these tests the model was mounted
on a 6-component internal strain-gage balance and was rotated about the
X-axis of the stabllity asxes. Electrical signhals from the strain-gage
balance were transmitted to the data-recording equipment by means of wire
leads, slip rings, and brushes. (See fig. 4.) The model engle of attack
was changed by use of various offset sting adapters (figs. 3 and &) which
were designed to allow the model to rotate about the moment reference
center at each angle of attack. Further detalls of the forced-roll
testing tecihnique can oe found in reference 1.

TESTS AND CORRECTIONS

Test Condltions

Tests were made in the langley high-speed T- by 1O0-foot tunnel over
a Mach number range from 0.70 to 0.94% and through & maximum angle-of-
attack range from 0° to approximately 139, The varistions with Mach num-
ber of maximum wing-tip helix angle pb/2V and mean test Reynolds number
based on the wing mean aerodynamic chord are presented in figure 5.
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Corrections

Blockage corrections which were determined by use of the method of
reference 2 were appllied it~ the Mach number and dynamic pressure based
on usuzl nonrolling model conditions. Jet-boundary corrections spplied
to the angle of atiack were obtained from reference 3 and corrections
for deflection of the model and support system under aerodynamic load
also were applied to the angle of attack.

The support system deilected under load and these deflections, com-
bined with any initial displacement of the mass center of gravity of the
model from the roll axis, introduced centrifugal forces and moments when
the model was rotated. Corrections for these forces and mcoments were
determined and have been applied to these datsa.

Corrections 1o the rolling derivatives for Jjet-boundary effects were
not applied to the data, since these corrections were found to be negli-

gible. Corrections for sting tares have not been applied to the data;
however, these corrections are believed to be small.
2

PRESENTATION OF RESULTS

The Tigures presenting the results are as follows:

e
e
E

Rolling Stability Derivatives:

WiE OFT ¢ o v @t o o o = o o = = ¢ o« o o o a o« o e s o o s o @ 6
Besic model, effect of tail surfaces . . . ¢ « ¢ ¢ & ¢ ¢ « « o T
Basic model with tanks on . . . & ¢ ¢ ¢ 4 ¢ 4 ¢ 4 4 e s e . 4 . 8
Effect of leading-edge £l18D .« « « ¢ « o« ¢ @ « o o o« s o o o o =« )
Characteristics with ailerons deflected . . . . « ¢ « ¢« ¢ & « . 10
Aileron effectiveness and rolling power . . ¢ o ¢ « « ¢ o o « & 11
Variation of ILateral Charscteristics with pb/2V:
Wing of v ¢ & ¢ & ¢ o 2o @ 4 o & o o o « o s o « o « o« = o &« » 12, 13
Wing on, basic model . . « ¢ « ¢ 4 & « 4 + 4 o 4 o« .« o 14, 15, 16
Basic model with tanks on « « ¢« ¢« ¢« v ¢ ¢ & ¢ o« o« « o« o s o o @ 1T
Basic model with leading-edge flaps deflected . .« ¢ « &« « « &« & 18
Configurations with ailerons deflected . « &« « ¢ ¢« ¢ « ¢ &« « o & 1g

The basic data of this investigetion were obtained as variations of
Cy; Cn, and Cy with rolling angular velocity. In most cases these
variations were linear over a fairly large range of wing-tip helix angle
and for these linear conditions, the derivatives presented apply for the
range of values of wing-tip helix angle investigated. Pronounced

S




6 S NACA RM L54I20

nonlinearities were present, however, for some configuretions at angles
of attack other than 0° and, consequently, the derivatives, which were
determined =t low values of pb/2V, may not be applicable at higher rates
of roll. Because several cases of pronounced nonlinear varlations with
pb/2V were evident, the forces and moments which were used in deter-
mining most of the rolling derivatives are presented (figs. 12 to 19).
Feirly consistent nonlinearities with po/2V were in evidence for Cy

and C, for the various tail-off configurations, whereas corresponding
tail-on test results were linear over a failrly large range of pb/ZV.
Reasons for these dlfferences in tail-off and tail-on test results are
not known ané possible explanetions of these differences would be based
primarily on conjecture. It is believed however, that the aforementioned
nonlinearities were probably caused by effects other than aerodynamic.

DISCUSSION

Demping in Roll

Demping-in-roll results for both the wing-fuselege configuration end
the complete model showed similar trends with increasing angle of attack
in thaet an initial increase in damping at low angles was Ffollowed by a
large reduction at moderately high angles of attack (fig. 7). For the
wing-fuselage configuration, regions of unstable damping {positive values
of Czp) were indicated at M = 0.85 and M = 0.90 in the higher angle-

of -attack range. Addition of the tail surfaces effected some reduction
in the unstable damplng encountered at these Mach numbers; however, the
damping in roll of the complete model was still neutral or sligntly
unsteble.

Comparison of figures T and 8 indicates that addition of the wing-
tip tanks approximately doubled the demping in roll of the basic model
at low angles of attack. Although significant losses in demping occurred
with increasing angle of attack, positive damping was indicated through-
out the test angle-of-sttack and Mach number range for the complete model
with tanks on (fig. 8). With regard to the effects of tanks and the test
data in generzal at the highest test angle. of attack, an overall evaluation
of damping resulits is difficult because of the nonlinear nature of the
rolling-moment variation with pb/2V (e.g. fig. 17).

Effects of deflecting the leading-edge fleps on the complete model
are shown in figure 9. Because there was essentially no effect on damping
in roll at o = 0°, only the results at the highest test angles of attack
are presented in figure 9. In generel, deflection of the leading-edge
flaps increased the damping and delayed the abrupt loss in damping for
the vasic model to higher angles of attack. Unstable damping was

- ____—_-. =T !-l. - —
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encountered, however, with the leading-edge flaps deflected at a Mach
number of 0.90 and at approximately 13° angle of atiack.

Yawing Moment and Laterel Force Due to Rolling
A comparison of figures 6 and T indicates that the taill contribution
to Cnp and CY? for the wing on is appreciably different from thet for

the wing-off configuration and this difference is in accord with the side-
wash due to roll effect discussed in reference 4.

Effects of modifications to the basic model such es deflection of
leading-edge flaps and addition of wing-tip tanks were relatively small
with regard to letersel force and yawing moment due to rolling.

Aileron Charactieristics

Aileron control cheracteristics obtained from forced steady roll
tests of the complete model ere summarized in figure 11 for three angles
of attack, and effects of tne tail and wing-tip tanks are indicated.
Values of damping in roll with ailerons deflected are repeated for con-
venience in interpreting the results of figure 11. The aileron effec-
tiveness CzaaT and rolling effectiveness (pb/EV)aaT presented were

obtained by assuming that the aileron characteristics were lineer between
the specific deflections tested (0° and 7.5° for each aileron).

The most significant effects indicated in figure 11 sre those associ-
ated with addition of the wing-tip tanks. At 0° angle of attack, an
increase in aileron effectiveness 015 of about 50 percent was gained

by addition of the tanks to the complete model; however, tne value of
pb/2V which could be attained with a given aileron deflection with tanks
on was decreased about 30 percent. This loss in rolling effectiveness
with the tanks on is of course due to the increased damping in roll
obtained for this configuration. The aileron effectiveness at an angle
of attack of approximately 6.7° with tanks on was not apprecisbly dif-
ferent from that for the basic model, and the damping was generally scme-
what less — which resulted in an increase in (pb/2‘\7)5al__I with tanks on.
]

Results at the highest angle of attack are presented for completeness;
however, nonlinearities in the rolling-moment veristion with pb/ZV and
very low damping in roll considerably decrease the significance of these
results.

A rather unusual effect is indicated in figure 11 with regard to

effects of the horizontal tail on aileron effectiveness at the highest
test angle of attack. At low angles of attack, as would be expected,

e
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addition of the horizontal tail had only a small effect on CzBaT, whereas
addition of the horizorntal tail increased Clﬁaq from 50 to 100 percent

at the highest angle. A possible explanation of this increased azileron
effectiveness may be made by conslderatlion of effects of the vortex shed
from the inboard end of the aileron on thne horizontal tall. The vortex
shed from the inboard end of a downward-deflected alleron, for example,
would induce anr upload increment on the horizontal tail which would add
en increment of rolling moment of the same sense as that produced directly
by deflection of the alleron. This vortex effect would be expected to be
present for this configuration only at the hnigher angles of attack wnere
the horizontal tall moves down into the vortex fileld. It is perhaps of
interest 1o note that the reverse of this effect has been observed on
other models having inboard ailerons, for which effects of vortieclty shed
from the outhoard end of the aileron would be expected to predominate and
induce sn unfavorable rolling-moment contribution of the horizontal tail.

CONCLUDING REMARKS

. Test results pertaining to the rolling stability derivatives for a
complete model having a low-aspect-ratio wing and tail surfaces indicated
regions of neutral or unsteble damping in roll at Mach numnbers of 0.85
and 0.90 in the higher angle-of-attack range for the basic model. Addi-
tion of wing-tip tanks approximately doubled the damping in roll at low
angles of attack and, although large decreases in damping occurred in
going to high angles of attack, positive damping was indicated over the
range of test conditions for the complete model with tanks. At O° angle
of ettack, addition of the wing-tip tanks increased the sileron effec-
tiveness of the basic nmodel; however, the rolling angular velocity which
could be obtalned with a given alleron deflection was decreased sbout
50 percent by addition of the wing tanks. Deflection of leading-edge
flaps in general sppeered to inecrease the angle of attack at which large
losses in damping in roll occurred.

Langley Aeronsutical Laboratory,
Natlonal Advisory Committee for Aeronautics,
Langley Field, Va., September 2, 195k.




NACA RM LSLI20 e 9
REFERENCES

1. Kuhn, Richard ®., and Wiggins, James W.: Wind-Tunnel Investigation To
Determine the Aerodynamic Characteristics In Steady Roll of a Model
at High Subsonic Speeds. NACA RM IS52K2k, 1953.

2. Hensel, Rudolph W.: Rectanguler-Wind-Tunnel Blocking Corrections
Using the Velocity-Ratio Method. NACA TN 2372, 1951.

3. Gillis, Clarence L., Polhamus, Edward C., and Gray, Joseph L., Jr.:
Charts for Determining Jet-Boundary Corrections for Complete Models
in T7- by 10-Foot Closed Rectanguiar Wind Tunmnels. NACA WR L—123’
1945, (Formerly NACA ARR I5G31.)

L, Michael, Williem H., Jr.: Analysis of the Effects of Wing Interference
on the Teil Contributions to the Rolling Derivatives. NACA Rep. 1086,
1952. (Supersedes NACA TN 2332.)




10 i NACA RM L5hIZ20

Y

i Lateral force

-

\

I~ Yoew:ng moment
1
- = ] . - -
**‘@</714‘ T
/
Rolling moment /
Lift
ﬁ.‘ = ~———

=~ Pitching momen?

x—-—‘—-—@--———-—-— - Drag

Rolling velocity
A 3=
Relative wind

Figure 1.- Stability system of axes used showing positive directions of
forces, moments, angles, and velocities.




i

e ——
— —_—

kﬁ~ﬂ<’"v~\—'—--;k

.__.._.'.._

——

Leading-edge flap on
both wing panek —

10

Ll
200
}4.7/

| ~Aileron, both wing parels

IT_'__

____________

752

_L__

077

1827

Moment reference axis \'

ux-—T

—/ — T

F;J-DZ -7

e — —
- 7—6.-7/?? —[ 713

466
koo

l—— 965 --———-———-lz%

Figure 2.~ General arrangement of the complete model tested in the Langley
high-speed T- by 10~foot tunnel.

T OZIHGT WY VOVN

T



12 - NACA RM LSHI20

o s egr s Beiien MU - - - - s
B S e e . 2o

EIAEE

2 earrr—————————

-

1~8233%7

Figure 3.- Photographs of the test model mounted on the forced-roll sting
support in the Langley high-speed 7- by 1l0-foot +unnel.
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Figure 16.- Variation of lateral characteristics of the model with wing-

tip helix angle.
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Figure 17.- Variation with wing-tip helix angle of lateral characteristics
of the model with tanks on.
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Figure 17.- Continued.
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Figure 17.- Concluded.
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Figure 18.- Variation with wing-tip helix angle of latleral characleristics

of the model with leading-edge flaps deflected.

Configuration WFVH.
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(a) Configuration WF.

Figure 19.- Variation with wing-tip helix angle of lateral characteristics
of the model with ailerons deflected. SaT = 15°,
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Figure 19.- Continued.
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Tigure 19.~ Concluded.
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